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(57) ABSTRACT 

A magnetically continuous winding includes a first coil and at 
least one additional coil substantially fixed in place in at least 
one direction with respect to a position of the first coil. A core 
formed by a resin is applied to the first coil and the at least one 
additional coil to substantially bind the first coil and the at 
least one additional coil. 
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Figure 4 
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Figure 12 


Obtain Coil 
Si 205 


Place Coil in Molding Container At Pre-Positioned and Spaced Holder and Nested into Adjacent Coil (if any) 

SI 210 

ZIZI 

Obtain Next Coil 
SI 21 2 


Yes 


Affix Joint. Within Block 
SI 222 


1 


Confirm Spacing Between Coils 
SI 225 

' 

r 

Pour Molding into Molding Container to Form Molded Block 
' SI 230 


' 


Cool Molded Block 
SI 235 


i 


Confi mi T ole cable Characteristics 
SI 245 


la-u Coil? 
Sl?11 : 


No 







Patent Application Publication 


Aug. 11,2016 Sheet 13 of 13 


US 2016/0233754 A1 


Figure 13 


Continuous 

Winding 




US 2016/0233754 A1 


1 


Aug. 11,2016 


CONTINUOUS WINDING FOR ELECTRIC 
MOTORS 

CROSS REFERENCE TO RELATED 

APPLICATION 

[0001] The present application claims the benefit of U.S. 
Provisional Application No. 62//235,436, filed on Sep. 30, 
2015, and of U.S. Provisional Application No. 62/113,511, 
filed on Feb. 8, 2015, the disclosures of which are expressly 
incorporated by reference herein in their entireties. 

BACKGROUND 
[0002] 1 . Field of the Disclosure 

[0003] The present disclosure relates to the field of electric 
motors. More particularly, the present disclosure relates to a 
continuous winding for a linear electric motor. 

[0004] 2. Background Information 

[0005] A linear motor is an electric motor that has had its 
stator and rotor “unrolled” so that instead of producing 
torque, it produces a linear force along its length. This can be 
useful for a variety of purposes including high speed trans- 
portation systems. Generally, the core of the motor is pre- 
manufactured from laminated steel. Coils are then wound 
around the core during manufacturing, either in a concen- 
trated winding configuration or a distributed winding con- 
figuration. In a distributed winding pattern, adjacent coils can 
overlap such as when 3 sinusoidal distributed windings with 
axes displaced by 120° are used as a stator for a 3-phase AC 
machine with 2 poles. 

[0006] Medium Voltage (MV) is defined by the Institution 
of Electrical and Electronic Engineers (IEEE) as 1 kV to 100 
kV. For motors such as those operating at medium voltage, air 
is sometimes removed from between the coils and core. Air 
can be removed by several different processes including 
vacuum pressure impregnation and varnish dipping. The 
assembled coils and core are then shipped from the manufac- 
turer to the field. 

[0007] A distributed winding configuration produces a 
Motor Magnetic Field (MMF) profile that is more sinusoidal 
than the profile created by a concentrated winding configu- 
ration. This can be desirable insofar as a sinusoidal motor 
magnetic field profile reduces space harmonics. For an induc- 
tion motor, space harmonics can introduce a great quantity of 
loss and force ripple into the system. Insofar as such losses 
and ripple can renders a system impractical or unscalable, a 
distributed winding configuration for an induction motor 
needs to be as efficient as possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The novel features which are characteristic of the 
systems, both as to structure and method of operation thereof, 
together with further aims and advantages thereof, will be 
understood from the following description, considered in 
connection with the accompanying drawings, in which 
embodiments of the system are illustrated by way of example. 
It is to be expressly understood, however, that the drawings 
are for the purpose of illustration and description only, and 
they are not intended as a definition of the limits of the system. 
For a more complete understanding of the disclosure, as well 
as other aims and further features thereof, reference may be 
had to the following detailed description of the disclosure in 
conjunction with the following exemplary and non-limiting 
drawings wherein: 


[0009] FIG. 1 is a side view of an embodiment showing 
coils in a block for a continuous winding for electric motors, 
according to an aspect of the present disclosure; 

[0010] FIG. 2 is another perspective of an embodiment 
showing coils in a block for a continuous winding for electric 
motors, according to an aspect of the present disclosure; 
[0011] FIG. 3 is a top view of an embodiment showing coils 
in a block for a continuous winding for electric motors, 
according to an aspect of the present disclosure; 

[0012] FIG. 4 is a top view of a continuous winding con- 
figuration showing coils for a continuous winding for electric 
motors, according to an aspect of the present disclosure; 
[0013] FIG. 5 is a method for producing a continuous wind- 
ing for electric motors, according to an aspect of the present 
disclosure; 

[0014] FIG. 6 a is a cutout side view of a transportation 
system that includes blocks for a continuous winding for 
electric motors, according to an aspect of the present disclo- 
sure; 

[0015] FIG. 6 b is a frontal view of a transportation system 
that includes blocks for a continuous winding for electric 
motors, according to an aspect of the present disclosure; 
[0016] FIG. 7 is a set of interconnected blocks for a con- 
tinuous winding for electric motors, according to an aspect of 
the present disclosure; 

[0017] FIG. 8 a is a block for a continuous winding for 
electric motors, according to an aspect of the present disclo- 
sure; 

[0018] FIG. 8 b is a block for a continuous winding for 
electric motors, according to an aspect of the present disclo- 
sure; 

[0019] FIG. 9 a is a front view of a coil for a continuous 
winding for electric motors, according to an aspect of the 
present disclosure; 

[0020] FIG. 9b is a top view of a coil for a continuous 
winding for electric motors, according to an aspect of the 
present disclosure; 

[0021] FIG. 10 shows a system for building a block for a 
continuous winding for electric motors, according to an 
aspect of the present disclosure; 

[0022] FIG. 11 shows another system for building a block 
for a continuous winding for electric motors, according to an 
aspect of the present disclosure; 

[0023] FIG. 12 shows another method for producing a con- 
tinuous winding for electric motors, according to an aspect of 
the present disclosure; and 

[0024] FIG. 1 3 shows a top view of a block for a continuous 
winding for electric motors, according to an aspect of the 
present disclosure. 

DETAILED DESCRIPTION 

[0025] In view of the foregoing, the present disclosure, 
through one or more of its various aspects, embodiments 
and/or specific features or sub-components, is thus intended 
to bring out one or more of the advantages as specifically 
noted below. 

[0026] Methods described herein are illustrative examples, 
and as such are not intended to require or imply that any 
particular process of any embodiment be performed in the 
order presented. Words such as “thereafter,” “then,” “next,” 
etc. are not intended to limit the order of the processes, and 
these words are instead used to guide the reader through the 
description of the methods. Further, any reference to claim 
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elements in the singular, for example, using the articles “a,” 
“an” or “the”, is not to be construed as limiting the element to 
the singular. 

[0027] As described herein, a series of coils are arranged 
together for form a winding. Resin is applied to the coils to 
form a block. A series of blocks are interconnected to form a 
continuous winding. The continuous winding forms a stator 
that can be used in a linear motor. 

[0028] FIG. 1 is a side view of an embodiment showing 
coils 110 in a block 100 for a continuous winding for electric 
motors, according to an aspect of the present disclosure. As is 
known, the open area in the central portion of a winding is 
known as a core or magnetic core. In FIG. 1, six coils 110 are 
shown aligned together to form a winding, and are molded 
into a block. Coils 110 may be made, for example, of copper. 
[0029] The arrows designating each coil 110 point to a top 
of each coil 110 in FIG. 1. The coils 110 include two portions, 
a left coil portion 110a and a right coil portion 1106. The left 
coil portion 110a and right coil portion 1106 are offset from 
one another. The left coil portion 110a of each coil 110 is to 
the left of the top of each coil 110 shown in FIG. 1. The right 
coil portion 1106 of each coil 110 is to the right of the top of 
each coil 110 shown in FIG. 1. 

[0030] The offsetting of the left coil portions 110a and right 
coil portions 116 leaves the two portions substantially dis- 
posed on or along two different offset but parallel planes. The 
right portion 1106 of each of the five left-most coils 110 is 
seated in the similar offset right portion 1106 of the coil 110 
immediately to the right. The left portion 110a of each of the 
five right-most coils 110 is seated in the similar offset left 
portion 110a of the coil 110 immediately to the left. As 
shown, the support provided by a portion of one coil 110 to an 
adjacent coil 110 is in multiple directions, including a lateral 
component and a vertical component. The support is there- 
fore in orthogonal directions designated in FIG. 1 as X and Y. 
[0031] As described herein, the relationship of one coil to 
an adjacent coil can be described by a variety of terms, includ- 
ing interlocked, nested and/or interweaved. 

[0032] FIG. 1 also shows that the coils 110 are physically 
bound in several places by binders 195. The binders 195 may 
be used to bind the coils 110 together prior to resin being 
applied in a molding process. The molding itself is designated 
115 in FIG. 1, and is applied so as to encase the coils 110 
together, forming the block 100. 

[0033] In FIG. 1, block 100 is shown to include six (6) coils. 
However, a block 100 can be formed of more or less than six 
(6) coils, and a series of blocks may each have the same 
number of coils or a different number of coils. If each block 
has the same number of coils, the manufacturing process may 
be more efficient, whereas if some blocks do not have the 
same number of coils, an additional amount of versatility is 
provided to the process of actually manufacturing a long 
linear motor for a transportation system. 

[0034] Blocks for a continuous winding of a linear machine 
as described herein also harness benefits of a magnetically 
continuous winding. Benefits include 

[0035] reduced space harmonics 

[0036] lowered core loss 

[0037] reduced eddy currents on induction secondary 
windings 

[0038] absence of non-uniform MMF distribution that 
occurs due to segmentation. 

[0039] A block 100 as shown in FIG. 1 may be formed 
approximately three feet tall from top to bottom, on the order 


of five feet wide from left to right, and may weigh on the order 
of several hundred pounds. Blocks 100 may be aligned and 
connected in series by the dozens, hundreds or even thou- 
sands in order to build a transportation system as described 
herein. 

[0040] One embodiment of the continuous winding for 
electric motors described herein includes joints to connect 
different blocks and segments with multiple blocks together. 
Joints that can be used to interconnect blocks include groove 
joints and splice joints. Any joint system can be used that 
allows the winding configuration to 

[0041] create a magnetic force that is continuous or sub- 
stantially continuous 

[0042] minimize or eliminate magnetic gaps between 
discrete blocks of coils and/or discrete segments of mul- 
tiple blocks of coils 

[0043] FIG. 2 is another perspective that shows coils 210 in 
a block 200 for a continuous winding for electric motors, 
according to an aspect of the present disclosure. In FIG. 2, the 
block 200 may be the same block as block 100 in FIG. 1, 
shown from a different angle. From the angle shown in FIG. 
2. it can be seen that the block 200 can be aligned with an 
adjacent block (not shown). Hie portions of coils 210 
indented to the right are offset from the portions of coils 210 
indented to the left. Similarly, the molding 215 is applied to 
the coils 210 so that the resultant blocks 200 include two 
portions offset from one another. Hie offsetting allows the 
right portion of the left -most coil 210 of block 200 to be 
seated in a similar offset right portion of a coil 210 in another 
block 200 immediately to the left on the page (not shown), 
and a left portion of the right -most coil 21 0 of block 200 to be 
seated in the similar offset left portion of a coil 210 in another 
block 200 immediately to the right on the page (not shown). 

[0044] Accordingly, the coils 110 in FIG. 1 and coils 210 in 
FIG. 2 are nested so as to be supported in multiple dimensions 
and directions by adjacent coils. The blocks 100 and 200, 
each of which includes multiple coils 110 and 210 respec- 
tively, can also be nested with other blocks so as to be sup- 
ported in multiple dimensions and directions by adjacent 
blocks. 

[0045] FIG. 3 is a top view of an embodiment showing coils 
in a block for a continuous winding for electric motors, 
according to an aspect of the present disclosure. In FIG. 3, the 
molding 315 is applied to coils 310 only at upper portions of 
the block 300. The coils 310 are bound by binders 395 and the 
molding 315 is applied on top of the upper binder 395 shown 
in FIG. 3. The binding by binders 395 may be performed 
automatically by a system that also places the coils 310 in 
place prior to molding. As should be clear from FIG. 3, a 
variety of molding configurations can be used to form a block 
300 with multiple coils 310. By selectively applying molding 
to only a portion of the coils 300, the costs and complexity of 
the molding process can be reduced. The molding 315 in FIG. 
3 results in blocks 300 being formed that can be aligned 
adjacent to one another and connected. 

[0046] In the embodiment of FIG. 3, the offsetting of the 
coils 310 allows the right portion of the left-most coil 310 of 
block 300 to be seated in a similar offset right portion of a coil 
310 in another block 300 immediately to the left on the page 
(not shown), and a left portion of the right-most coil 310 of 
block 300 to be seated in the similar offset left portion of a coil 
310 in another block 3 00 immediately to the right on the page 
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(not shown). Therefore, the coils 310 and blocks 300 are all 
nested so as to be supported in multiple dimensions and 
directions by adjacent blocks. 

[0047] Terms such as “nested”, “supported”, and “inter- 
locked” herein generally require at least that an individual 
coil or block is restricted from movement in two orthogonal 
directions. The restriction from movement may be relative or 
absolute, and generally means that any attempt to move in 
either of the two orthogonal directions results in a counter- 
force being applied by an adjacent coil and/or block. The 
counterforce may result at least from inertia of the adjacent 
coil or block, but may also result from coils or blocks being 
anchored in place by bonding agents or any type of fixed 
connection with a transportation tube. Of course, as described 
herein, coils can be bound together with binders 195, 295, 
395, and can also be molded together by molding 115, 215, 
and 315. Therefore, it should be understood that the nesting 
described herein is in place before any such binding and 
molding is applied to the coils. 

[0048] FIG. 4 is a top view of a continuous winding con- 
figuration showing coils in blocks for a continuous winding 
for electric motors, according to an aspect of the present 
disclosure. In FIG. 4, a series of coils 410 are aligned without 
binding or molding. Leads 411 for several coils 410 are also 
noted in FIG. 4. In FIG. 4, the coils 410 are nested before 
binding or molding is applied. Coils 410 may be aligned at 
fixed spacing from one another before binding and molding is 
systematically applied to create a block. 

[0049] FIG. 5 is a method for producing a continuous wind- 
ing for electric motors, according to an aspect of the present 
disclosure. In FIG. 5, the process begins by setting spacing 
tolerances for coils and blocks at S501. As one (non-limiting) 
example, substantially-identical adjacent coils may be 
expected to touch at two extremities such as near tops and 
bottoms, and may be expected to maintain spacing of three (3 ) 
inches at the center. The “top” and “bottom of a coil may be 
considered an arbitrary designation satisfied by any points at 
opposing extremities on the periphery of any coil. Alterna- 
tively, a “top” or “bottom” may include an extremity at a point 
on a side which includes leads, and a point on an opposing 
extremity. Spacing may be set at two (2) or more points on 
adjacent coils so as to ensure that coils are aligned consis- 
tently in a resultant block. 

[0050] At S505, a set of coils for a block are obtained. The 
coils may be manufactured by the same entity that manufac- 
tures the blocks described herein. Alternatively, coils may be 
procured from an external supplier and placed in a supply area 
from which the coils can be retrieved by a manufacturing 
system. At S510 the coils are aligned at the tolerable spacing 
set in S501. The coils may be placed on, at or in preset holders 
that are preset at fixed distances from one another. Alterna- 
tively, the coils may be placed on, at or in a fixed surface or 
structure, and then individually aligned at fixed distances 
from one another. The spacing may be set or checked for 
particular points on each coil, such as at an extremity or a set 
distance from the extremity in a particular direction. 

[0051] The actions at S510 include aligning coils in any 
nested arrangement relative to one-another, such as a distrib- 
uted winding. For example, a first coil may be placed on a 
surface, and then a second coil may be negotiated into a 
nested position supported in multiple orthogonal directions 
by surfaces of the first coil. A third coil may then be negoti- 
ated into a nested position supported in multiple orthogonal 


directions by surfaces of the second coil, and so on until a 
complete winding for a block is completed. 

]0052] At S511, the aligned coils are interconnected. The 
coils may be interconnected by binding as described above, 
by nesting as described above, or by any other actions to 
ensure that at least two like portions of adjacent coils physi- 
cally contact one another. S511 may include additional con- 
nections beyond interconnections already made at previous 
steps in FIG. 5. Alternatively, a process may not include a 
separate S511 when interconnections between coils are 
already in place. 

[0053] At S530, a winding formed by multiple coils is 
molded to form a block. The coils of the winding are aligned 
and interconnected prior to the molding. The molding may be 
applied systematically, such as when the coils are arranged in 
a preset vessel that can be filled with a molding material. Such 
a preset vessel is useful when blocks with substantially iden- 
tical physical and electromagnetic characteristics are desired. 
[0054] Of course, the molding may also be applied at S530 
selectively in a controlled process rather than in a preset 
process. That is, molding may be applied in an iterative pro- 
cess using feedback from visual and sensory monitors, rather 
than simply filling a container with coils with the same 
amount of mold each time. 

[0055] The molding process at S530 includes applying 
resin. For air-gap windings, the molding process at S530 can 
be performed with a compression or injection molded poly- 
mer. For steel cores, the molding process at S530 can be used 
to fabricate blocks using a variety of moldable soft magnetic 
materials generally formed by a magnetic powder in a poly- 
mer binder. Using soft magnetic materials, the molding pro- 
cess provides a high permeability that improves the flux den- 
sity in electric machines. The high permeability helps avoid 
interference with the electromagnetic function of the linear 
motor, and can enhance structural integrity. 

[0056] At S550, aligned blocks formed by the molding are 
fastened to a common element. Two adjacent blocks may be 
fastened together indirectly by fastening each block to the 
same element. For example, two molded blocks may each be 
attached to the same plate using adhesive, screws, nails or any 
other element that can be used to fasten a block to a plate. In 
this way, each set of adjacent blocks can be fastened to a 
common element such that most or all blocks are fastened to 
two common elements: one shared with the previous block (if 
any) and one shared with the next block (if any). Alterna- 
tively, all blocks for a segment or the entirety of a transpor- 
tation system may be fastened to the same common element, 
such as a continuous rail or tube. 

[0057] At S560, aligned and fastened blocks are installed 
on, along or otherwise to a track or other component of a 
transportation system. The blocks may be installed in series 
along a tube as described herein, and may be connected 
individually or in groups to a power source. The power source 
(s) can then be used to power vehicles moving along the 
transportation system, including pods moving within a tube 
of a transportation system. Examples of transportation sys- 
tems are disclosed in commonly assigned U.S. patent appli- 
cation Ser. No. 15/007,783, filed on even date herewith and 
entitled “Transportation System”, the entire contents of 
which are expressly incorporated by reference herein in their 
entirety. 

(0058] FIG. 6a is a cutout side view of a transportation 
system that includes blocks for a continuous winding for 
electric motors, according to an aspect of the present disclo- 
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sure. In FIG. 6 a, tube 600 is analogous to a subway tunnel, or 
a tube within which transportation pods can travel. An elec- 
tromagnetic system powers pods 698 that move through the 
tube 600. The electromagnetic system may include magnets 
provided on each pod 698 and the system of aligned and 
interlocked blocks 620 that include coils that form a continu- 
ous winding as described herein. 

[0059] The tube 600 may be depressurized (vacuumed) in a 
way that reduces resistance encountered by the pods 698 as 
they move through the tube 600. In this way, pods 698 may 
achieve faster speeds using the electromagnetic system that 
includes the aligned and interlocked blocks 620. 

[0060] FIG. 6b is a frontal view of a transportation system 
that includes blocks for a continuous winding for electric 
motors, according to an aspect of the present disclosure. In 
FIG. 6b, the tube 600 includes a track support 650 and blocks 
620. The blocks 620 are the interconnected molded blocks of 
nested coils described herein. 

[0061] In FIG. 6b, the pod 698 is shown separate from the 
magnetic element 699 (rotor). However, the magnetic ele- 
ment 699 may be a component of the pod 698. In this way, 
electromagnetic force can be dynamically generated as the 
pod 698 moves through the tube 600. 

[0062] The track support 650 is shown as a horizontal line 
in FIG. 6b, but may have a variety of configurations relative to 
the blocks 620 described herein (see commonly assigned U.S. 
patent application Ser. No. 15/007,783, incorporated by ref- 
erence above). For example, the blocks 620 can be installed 
under a track support 650, on top of a track support 650, 
between two components of a track support 650, or next to 
one component of a track support 650. In one embodiment, 
the track support 650 may include a single vertical guiding 
track installed at, for example, the center of the bottom of the 
tube 600, and the blocks 620 may be aligned parallel to the 
guiding track as a series of blocks 620 aligned in series to 
form a continuous winding. Power is supplied to the blocks 
620 in order to generate voltage that works together with the 
magnetic element 699 to produce an electromagnetic force 
that propels the pods 698 through the tube 600. In this way, the 
magnetic elements 699 and powered blocks 620 form a linear 
motor. 

[0063] FIG. 7 is a set of interconnected blocks for a con- 
tinuous winding for electric motors, according to an aspect of 
the present disclosure. In FIG. 7, block 720 is connected to 
block 721 by joint 730. Block 721 is connected to block 722 
by joint 731. Block 722 is connected to block 723 by joint 
732. Block 723 is connected to block 724 by joint 733. 
[0064] The joints 730, 731, 732 and 733 may be installed in 
the blocks 720-723 at the time molding is applied to coils in 
order to form the blocks 730-733. Alternatively, a joint or 
joints may be installed on each block after the molding dries 
and the block is formed. In any event, the joint or joints 
730-733 can be substantially identical as a result, for 
example, of a systematic production process for building the 
blocks 720-724. As explained above, in a linear motor that 
includes the blocks 720-724, the blocks 720-724 work 
together with magnetic elements on the pods. The blocks 
720-724 serve as stators, and the magnetic elements as rotors, 
in the linear motor. The blocks 720-724 can be aligned and 
interlocked using substantially identical joints 730-733 to 
form a magnetically continuous winding. 

[0065] FIG. 8 a is another example of a block for a continu- 
ous winding for electric motors, according to another aspect 
of the present disclosure. In FIG. 8a, block 820 includes coils 


810. Coils 810 each include a lead 811. FIG. 8b is a block for 
a continuous winding for electric motors, according to an 
aspect of the present disclosure. In FIG. 8b, block 820 
includes coils 810, each of which include a lead 811. 

[0066] In FIG. 8 a, the coils 810 are shown nested within 
one another from left to right, as if a planar left-most coil 810 
was laid down and then each additional planar coil 810 is laid 
down consecutively from left to right, one on top of the next. 
In FIG. 8b, the coils 810 are shown nested within one another 
from right to left, as if a planar right-most coil 810 was laid 
down and then each additional planar winding 810 is laid 
down consecutively from right to left, one on top of the next. 
However, the coils 810 in FIGS. 8 a and 8b will be multi- 
planar, when the nesting as described herein provides support 
in orthogonal directions (see, e.g., the coils 210 of FIG. 2). 
For example, FIG. 8a may be a cutout view showing the rear 
halves only of coils 810, where each coil 810 is formed in the 
shape of a “V” when viewed from above. In this way, after the 
left-most coil 810 is set initially, each coil 81 0 is inserted from 
the right into the next winding 810 to the left. Similarly, FIG. 
8b may be a cutout view showing the rear halves only of coils 
810, where each coil 81 0 is formed in the shape of a “V” when 
viewed from above. In this way, after the right -most coil 810 
is set initially, each winding 810 is inserted from the left into 
the next coil 810 to the right. The resultant configuration of 
coils 810 results in nested coils that are restricted from mov- 
ing laterally in the x direction or forward/rearward in the z 
direction. 

[0067] FIG. 9a is a front view of a coil 91 0 for a continuous 
winding for electric motors, according to an aspect of the 
present disclosure. In the view of FIG. 9a, a dashed vertical 
line is shown at the center of the coil 910. The dashed vertical 
line is shown to denote that one side of the coil 910 is offset 
substantially from the other side of the coil 910 (see, e.g., 
FIG. 1). Either the left side of the coil 910 is offset to the rear 
of the right side, or the right side of the coil is offset to the rear 
of the left side. In this way, the left side of the coil 910 can be 
nested into the left side of another coil 910 to the left of the 
coil shown, and the right side of the coil 910 can be nested into 
the right side of another coil 91 0 to the right of the coil shown. 
[0068] Although only a single coil 910 is shown in FIG. 9a, 
a set of nested coils 910 can be used to construct a block as 
described herein, and a set of blocks can be used to construct 
a continuous winding for an electric motor. Using arbitrary 
numbers in the context of a large transportation system, thou- 
sands of blocks with tens of thousands of such coils 910 can 
be aligned for kilometers (or longer) in order to construct a 
large continuous winding for a linear electric motor for pods 
in a transportation tube as described herein. For example, 
magnetically continuous blocks forming a winding can be 
distributed over several dozen kilometers in or around a long 
transportation tube. 

[0069] FIG. 9b is a top view of a coil 910 for a continuous 
winding for electric motors, according to an aspect of the 
present disclosure. In FIG. 9b, the left side of the coil 910 is 
shown offset from the right side of the coil 910. The context 
for the top view in FIG. 9b is the same context as for the front 
view in FIG. 9a, insofar as the left side of the coil 910 is nested 
into another coil 910 to the left, and in turn a coil 910 to the 
right is nested into the left side of the coil 910 shown in FIG. 
9b. Similarly, the right side of the coil 910 is nested into 
another coil 910 to the right, and in turn a coil 910 to the left 
is nested into the right side of the coil 910 shown in FIG. 9b. 
Thus, the coils can be aligned and nested by dozens, hun- 
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dreds, thousands or tens of thousands so as to construct a 
continuous winding for an electric motor for a transportation 
system. 

[0070] FIG. 10 shows a system for building a block for a 
continuous winding for electric motors, according to an 
aspect of the present disclosure. In FIG. 10, a container 1050 
includes walls and a bottom to form a box-like structure with 
an open top. Spacers 1055 are disposed within the container 
1050, either as fixed components of the container 1050 or 
fixed accessories installed in the container 1050. Alterna- 
tively, a mold may have location identifiers similar to a ruler 
to provide correct coil placements relative to one another. As 
yet another alternative, spacers can be fixed between coils 
1010 and co-molded along with the coils. 

[0071] The spacers 1055 are set so as to position coils 1010 
at fixed distances from one another at substantially-identical 
locations. In FIG. 10 the coils 1010 are fixed to the spacers 
1055 at extreme bottoms of the coils 1010. However, the coils 
1010 may be fixed to spacers at higher positions of the coils 
1010, such as when the spacers 1055 are components of a 
structure elevated above the bottom of the container 1050. 
The spacers may be made, for example, of steel. 

[0072] In FIG. 10, once coils 1010 are aligned in container 
1050 on spacers 1055, molding can be applied via the nozzle 
1060. For example, the container 1050 may be filled with 
molding until the molding reaches the top of the container 
1055 or another point monitored by a sensor system. 

[0073] A container 1 050 may be structured in a more com- 
plex maimer than the box-like structure shown in FIG. 10, so 
as to reduce the amount of mold which needs to be applied to 
the spaced and nested coils 1010. For example, the container 
1050 may include multiple additional spacers (not shown) at 
a middle or upper elevation to additionally ensure consistent 
spacing between coils 1010 at multiple points. These addi- 
tional spacers may also result in a reduction in the amount of 
mold applied via the nozzle 1060 to form a block. As another 
alternative, the volume of molding required may be reduced 
by reducing the portions of the coils 1010 that are encased in 
the molding. 

[0074] In any event, once the molding material is applied 
via the nozzle 1060, the blocks described herein are lifted or 
otherwise removed from the container 1050 and spacers 
1055. Using one or more identical or substantially-identical 
container(s) 1050 results in uniform or substantially-uniform 
blocks being produced with uniform spacing between coils 
1010. The uniform blocks can then be aligned in a process so 
as to result in the continuous winding for an electric motor as 
described herein. 

[0075] FIG. 11 shows another system for building a block 
for a continuous winding for electric motors, according to an 
aspect of the present disclosure. In FIG. 11, container 1150 
has spacers 1155 disposed at the bottom. Coils 1110 are 
placed into container 1155 before nozzle 1160 fills the con- 
tainer 1150 with molding. Compared to the embodiment of 
FIG. 10, the embodiment of FIG. 11 results in a substantially 
greater part of the coils 1110 being molded in molding mate- 
rial in order to form a block than coils 1010 in FIG. 10, as the 
molding is applied only to a designated portion of the con- 
tainer 1150. 

[0076] To be sure, molding can be applied in a variety of 
ways, including transfer, compression, injection and vacuum 
pressure impregnation. 

[0077] FIG. 12 shows another method for producing a con- 
tinuous winding for electric motors, according to an aspect of 


the present disclosure. In FIG. 12, the process begins with 
obtaining a first coil at S1205. At S1210, the coil is placed in 
a molding container such as containers 1050 in FIGS. 10 and 
1150 in FIG. 11. The coil is placed in a pre-positioned and 
spaced holder. If another coil has already been placed into the 
container, the new coil is nested into the adjacent coil so as to 
be held in the pre-positioned holder in a position fixed relative 
to the adjacent coil. 

[0078] AtS1211 a determination is made whether the most- 

recently placed coil is to be the last coil. If the coil is not the 
last coil for the block being manufactured (S1211=No), 
another coil is obtained at S1212, and the next coil is placed 
into the molding container and positioned and spaced at 
S1210. If the coil is the last coil for the block being manufac- 
tured (S1211=Yes), a joint is affixed within the container for 
the block being manufactured at S1222. 

[0079] At S1225, spacing between the coils is confirmed 
and at S1230 the molding is poured into the molding con- 
tainer in order to form a molded block. At S1235, the molded 
block is cooled. At S1245 characteristics of the block are 
confirmed, and if the characteristics are within tolerances the 
block is approved for installation as part of the continuous 
winding as described herein. 

[0080] The fabrication process of FIG. 12 can use indi- 
vidual coils that are positioned for molding with positioning 
tabs or pins. Each coil can be located at a predetermined 
specific and absolute position relative to other coils in the 
block. In turn, this results in multiple resultant blocks being 
substantially identical. The mold is filled and processed to 
minimize air bubbles. 

[0081] The blocks that result from the process in FIG. 12 
provide structural integrity. Each coil in a block is strategi- 
cally located in relation to the magnetic axis of the core that 
passes through the aligned coils and blocks. That is, the 
placing and alignment of coils and blocks provides for con- 
tinuity in the magnetic core that passes through the coils and 
blocks. 

[0082] The process of FIG. 12 through S530 can be per- 
formed off-site and then blocks can be shipped and installed 
in place along a track. Alternatively, the blocks can be 
assembled and molded on-site using a mobile construction 
facility. Regardless of where such blocks are built, the result 
is a segmented distributed winding configuration that does 
not leave substantial magnetic gaps between adjacent coils, 
adjacent blocks, and adjacent segments of multiple blocks. 

[0083] The single-molding process in FIG. 12 reduces pro- 
duction time, labor, and costs associated with core produc- 
tion. Air pockets in the blocks are minimized compared to 
traditional manufacturing methods, which reduces the 
degrading effects of corona discharge on insulation due 
somewhat to the reduction in air pockets. This process also 
produces a potted winding to provide structural rigidity to the 
winding in a single process, as compared to conventional 
methodologies which generally require two processes to pro- 
duce traditional laminated steel cores. 

[0084] Due to the use of a flexible molding process to form 
the core, the architecture of the blocks resultant from the 
molding can be custom-designed to any number of configu- 
rations, depending on the type of motor being utilized and 
constraints such as sizing and placement constraints to be 
placed on the motor. The molding described herein can be 
used for systems including segmented linear motor or gen- 
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erator cores, segmented rotating motor or generator cores, 
and single-process core production with winding installation 
for non-segmented cores. 

[0085] FIG. 13 shows a top view of a block for a continuous 
winding for electric motors, according to an aspect of the 
present disclosure. In FIG. 13, blocks 1320a, 13206, 1320c, 
1320 d and 1320e are shown aligned together to form a con- 
tinuous winding for an electric motor. Of course, fewer than 
five or more than five blocks may be aligned together to form 
a continuous winding. Additionally, a continuous winding 
may include segments that each include multiple blocks and 
that are individually powered and dynamically controlled. 
Examples of a segmented continuous winding for a stator of 
a linear motor are disclosed in commonly assigned U.S. 
patent application Ser. No. 15/008,024, filed on even date 
herewith and entitled “Dynamic Linear Stator Segment Con- 
trol”, the entire contents of which are expressly incorporated 
by reference herein in their entirety. 

[0086] Each block 1320a, 13206, 1320c, 1320c? and 1320c 
includes numerous coils such as coils 110 in FIG. 1, 210 in 
FIG. 2, 310 in FIGS. 3, and 410 in FIG. 4. Further, the blocks 
1320a, 13206, 1320c, 1320c?, 1320e may have the same or a 
substantially-similar profile as the coils, when viewed from 
the top or the side. For example, the blocks 1320a, 13206, 
1320c, 1320c?, and 1320e may include coils such as the coil 
910 shown in the top view of FIG. 96. 

[0087] Further, the blocks 1320a, 13206, 1320c, 1320 d, 
and 1320e may each be joined by sets of identical or substan- 
tially similarjoints, whether the joints or built-in to the blocks 
during molding or whether the joints are added to the blocks 
afterwards. The joints may tolerate relative movement 
between the blocks 1320a, 13206, 1320c, 1320 d, 1320e, such 
as for thermal expansion, but the blocks are substantially 
fixed in place relative to positions of one another other than, 
for example, the movement tolerated by the joints. 

[0088] Accordingly, a continuous winding for electric 
motors includes blocks of coils. The blocks are manufactured 
and positioned such that adjacent blocks continuously con- 
nect with each other. The coils within the blocks are nested, or 
are otherwise interlocked or interweaved in at least two 
orthogonal directions even before the molding is applied. The 
adjacent blocks produce a magnetically continuous winding, 
even when a distributed winding configuration is utilized. 
[0089] Although a continuous winding for electric motors 
has been described with reference to several exemplary 
embodiments, it is understood that the words that have been 
used are words of description and illustration, rather than 
words of limitation. Changes may be made within the pur- 
view of the appended claims, as presently stated and as 
amended, without departing from the scope and spirit of a 
continuous winding for electric motors in its aspects. 
Although a continuous winding for electric motors has been 
described with reference to particular means, materials and 
embodiments, a continuous winding for electric motors is not 
intended to be limited to the particulars disclosed; rather a 
continuous winding for electric motors extends to all func- 
tionally equivalent structures, methods, and uses such as are 
within the scope of the appended claims. 

[0090] Although the present specification describes com- 
ponents and functions that may be implemented in particular 
embodiments, the disclosure is not limited to such compo- 
nents, functions and embodiments. 

[0091] The illustrations of the embodiments described 
herein are intended to provide a general understanding of the 


structure of the various embodiments. The illustrations are 
not intended to serve as a complete description of all of the 
elements and features of the disclosure described herein. 
Many other embodiments may be apparent to those of skill in 
the art upon reviewing the disclosure. Other embodiments 
may be utilized and derived from the disclosure, such that 
structural and logical substitutions and changes may be made 
without departing from the scope of the disclosure. Addition- 
ally, the illustrations are merely representational and may not 
be drawn to scale. Certain proportions within the illustrations 
may be exaggerated, while other proportions may be mini- 
mized. Accordingly, the disclosure and the figures are to be 
regarded as illustrative rather than restrictive. 

[0092] One or more embodiments of the disclosure may be 
referred to herein, individually and/or collectively, by the 
term “invention” merely for convenience and without intend- 
ing to voluntarily limit the scope of this application to any 
particular invention or inventive concept. Moreover, although 
specific embodiments have been illustrated and described 
herein, it should be appreciated that any subsequent arrange- 
ment designed to achieve the same or similar purpose may be 
substituted for the specific embodiments shown. This disclo- 
sure is intended to cover any and all subsequent adaptations or 
variations of various embodiments. Combinations of the 
above embodiments, and other embodiments not specifically 
described herein, will be apparent to those of skill in the art 
upon reviewing the description. 

[0093] According to an aspect of the present disclosure, a 
magnetically continuous winding includes a first coil and at 
least one additional coil substantially fixed in place in at least 
one direction with respect to a position of the first coil. The 
magnetically continuous winding also includes a core formed 
by a resin applied to the first coil and each additional coil to 
substantially bind the first coil and the at least one additional 
coil. 

[0094] According to another aspect of the present disclo- 
sure, the first coil and the at least one additional coil are 
formed in a distributed winding. 

[0095] According to yet another aspect of the present dis- 
closure, the first coil and the at least one additional coil are 
insulated. 

[0096] According to still another aspect of the present dis- 
closure, the plurality of coils bound in resin form a block of a 
predetermined size and shape. 

[0097] According to another aspect of the present disclo- 
sure, the block has a shape that allows the block and at least 
one other block to be substantially interlocked so as to form a 
continuous winding. 

[0098] According to yet another aspect of the present dis- 
closure, the block and the other block are spaced from each 
other so as to provide tolerance for thermal expansion. 
[0099] According to yet another aspect of the present dis- 
closure, the block and the other block are joined using sub- 
stantially identical joints. 

[0100] According to another aspect of the present disclo- 
sure, the block and the other block are fastened to the same 
guide. 

[0101] According to yet another aspect of the present dis- 
closure, the block and the other block are installed along a 
track before being fastened to the guide. 

[0102] According to yet another aspect of the present dis- 
closure, the resin is applied by placing the coils in a mold and 
by transfer, injection, compression, or vacuum pressure 
impregnation. 
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[0103] According to another aspect of the present disclo- 
sure, the resin comprises a polymer-based liquid that is 
applied to the first coil and the at least one additional coil and 
solidified. 

[0104] According to yet another aspect of the present dis- 
closure, a spacer maintains a physical separation between a 
first coil and one of the at least one additional coils. 

[0105] According to yet another aspect of the present dis- 
closure, voltage is applied to the block. 

[0106] According to another aspect of the present disclo- 
sure, voltages up to 8410 volts are applied to the block. 
[0107] According to yet another aspect of the present dis- 
closure, the mold serves as insulation for the first coil and the 
at least one additional coil. 

[0108] According to yet another aspect of the present dis- 
closure, the resin has a thennoclass F characteristic. 

[0109] According to another aspect of the present disclo- 
sure, the magnetically continuous winding is used as a fixed 
component in a substantially vacuumed transportation tube in 
cooperation with a rotor fixed to a pod that travels through the 
substantially vacuumed transportation tube. 

[0110] According to yet another aspect of the present dis- 
closure, the magnetically continuous winding is a component 
in a linear motor. 

[0111] According to an aspect of the present disclosure, a 
method of producing a magnetically continuous winding 
includes fixedly aligning a second coil in place with a first coil 
in at least one direction and applying a resin to the first coil 
and the second coil to substantially bind the first coil and the 
second coil. 

[0112] According to another aspect of the present disclo- 
sure, a spacer is used to substantially fix the coils in relation to 
each other and the edges of the block 
[0113] According to yet another aspect of the present dis- 
closure, the first coil and second coil and spacers are co- 
molded within the resin. 

[0114] According to yet another aspect of the present dis- 
closure, the first coil and second coil are placed in a mold and 
the resin is applied using and using transfer, injection, com- 
pression, or vacuum pressure impregnation. 

[0115] As set forth herein, a distributed winding configu- 
ration includes neighboring coils (or phases) that overlap, 
interlock, interweave, or otherwise connect with each other. 
The process of building a block with multiple coils can be 
automated such that the coils are placed and spaced on a 
platform by a machine prior to the resin being applied in order 
to complete a block. The process results in a core that is 
substantially magnetically continuous, even though multiple 
coils are used in each block and even though multiple blocks 
are individually provided and aligned. In turn, this provides a 
usable continuous winding component for a transportation 
system that may include thousands of such blocks aligned and 
interlocked continuously in order to form the usable continu- 
ous winding for a large linear motor that stretches for as much 
as tens of kilometers. As a result, such a large linear motor can 
be used efficiently in a high-speed transit system to propel 
vehicles/pods through the transit system at high speeds. 
[0116] The Abstract of the Disclosure is provided to com- 
ply with 37 C.F.R. § 1 .72(b) and is submitted with the under- 
standing that it will not be used to interpret or limit the scope 
or meaning of the claims. In addition, in the foregoing 
Detailed Description, various features may be grouped 
together or described in a single embodiment for the purpose 
of streamlining the disclosure. This disclosure is not to be 


interpreted as reflecting an intention that the claimed embodi- 
ments require more features than are expressly recited in each 
claim. Rather, as the following claims reflect, inventive sub- 
ject matter may be directed to less than all of the features of 
any of the disclosed embodiments. Thus, the following claims 
are incorporated into the Detailed Description, with each 
claim standing on its own as defining separately claimed 
subject matter. 

[0117] The preceding description of the disclosed embodi- 
ments is provided to enable any person skilled in the art to 
make or use the present disclosure. As such, the above dis- 
closed subject matter is to be considered illustrative, and not 
restrictive, and the appended claims are intended to cover all 
such modifications, enhancements, and other embodiments 
which fall within the true spirit and scope of the present 
disclosure. Thus, to the maximum extent allowed by law, the 
scope of the present disclosure is to be determined by the 
broadest permissible interpretation of the following claims 
and their equivalents, and shall not be restricted or limited by 
the foregoing detailed description. 

What is claimed is: 

1. A magnetically continuous winding, comprising: 
a first coil; 

at least one additional coil substantially fixed in place least 
one direction with respect to a position of the first coil; 
and 

a core formed by a resin applied to the first coil and the at 
least one additional coil to substantially bind the first 
coil and each additional coil. 

2. The magnetically continuous winding of claim 1, 
wherein the first coil and the at least one additional coil are 

formed in a distributed winding. 

3. The magnetically continuous winding of claim 1, 
wherein the first coil and the at least one additional coil are 

insulated. 

4. The magnetically continuous winding of claim 1, 
wherein the coils and the core form a block. 

5. The magnetically continuous winding of claim 4, 
wherein the block has a shape that allows the block and at 

least one other block to be substantially interlocked so as 
to form a continuous winding. 

6. The magnetically continuous winding of claim 5, 
wherein the block and the other block are spaced from each 

other so as to provide tolerance for thermal expansion. 

7. The magnetically continuous winding of claim 5, 
wherein the block and the other block are joined using 

substantially identical joints. 

8. The magnetically continuous winding of claim 5, 
wherein the block and the other block are fastened to the 

same guide. 

9. The magnetically continuous winding of claim 8, 
wherein the block and the other block are positioned along 

a track. 

10. The magnetically continuous winding of claim 1, 
wherein the resin is applied by placing the coils in a mold 

and using transfer, injection, compression, or vacuum 
pressure impregnation. 

11. The magnetically continuous winding of claim 1, 
wherein the resin comprises a polymer-based liquid that is 

applied to the first coil and the at least one additional coil 
and solidified. 

12. The magnetically continuous winding of claim 1, fur- 
ther comprising: 
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a spacer to maintain a physical separation between a first 
coil and one of the at least one additional coils. 

13. The magnetically continuous winding of claim 4, 
wherein a force is generated when voltage is applied to the 

block. 

14. The magnetically continuous winding of claim 13, 
wherein voltages up to 8410 volts are applied to the block. 

15. The magnetically continuous winding of claim 1, 
wherein the mold serves as insulation for the first coil and 

the at least one additional coil. 

16. The magnetically continuous winding of claim 1, 
wherein the resin has a thermoclass F characteristic. 

17. The magnetically continuous winding of claim 1, 
wherein the magnetically continuous winding is used as a 

fixed component in a low pressure transportation system 
in cooperation with a rotor fixed to a pod that travels 
through the substantially vacuumed transportation tube. 

18. The magnetically continuous winding of claim 17, 
wherein the low pressure transportation system is a sub- 
stantially vacuumed transportation tube. 


19. The magnetically continuous winding of claim 1, 

wherein the magnetically continuous winding is a compo- 
nent in a linear motor. 

20. A method of producing a magnetically continuous 
winding, comprising: 

fixedly aligning a second coil in place with a first coil in at 
least one direction; 

applying a resin to the first coil and the second coil to 
substantially bind the first coil and the second coil. 

21 . The method of claim 20, 

wherein a spacer is used to substantially fix the coils in 
relation to each other and the edges of the block 

22. The method of claim 21, 

wherein the first coil and second coil and spacers are co- 
molded within the resin. 

23. The method of claim 20, 

wherein the first coil and second coil are placed in a mold 
and the resin is applied by transfer, injection, compres- 
sion, or vacuum pressure impregnation. 



